METHOD FOR EVENLY COATING SEMICONDUCTOR LASER END FACES 
AND FRAME USED IN THE METHOD 


BACKGROUND OF THE INVENTION 

[0001] The present invention relates to a method for 
coating an end face of a high-output semiconductor laser 
for use in CD-R/RW or the like by electron beam deposition 
wherein the film thickness is adjusted upon the end-face 
coating, and a fixing frame used in this method. 
[0002] Conventionally, electron beam deposition has been 
employed as a method for coating an end face of a 
semiconductor laser. 

[0003] However, with an increased demand for 
semiconductor lasers for use in communication, storage and 
so forth in recent years, it is becoming necessary to 
improve work efficiency by coating a large number of 
semiconductor lasers in one work when the end faces, which 
are cleavage faces, are coated before manufacturing as a 
product . 

[0004] Accordingly, a method of arranging a large number 
of semiconductor lasers at once in an electron beam 
deposition apparatus is employed to improve work 
efficiency. For example, a method has been adopted wherein 
end faces of a plurality of semiconductor lasers are placed 


on each of coat batches arranged in a m x n matrix composed 
of m vertical columns and n horizontal rows. 

[0005] .As described above, work efficiency of end-face 
coating can be improved by the method of coating end faces 
by arranging a large number of semiconductor end faces at 
once . 

[0006]. However, a problem of this end-face coating by 
electron beam deposition is that, when a large number of 
end faces are coated at once, differences in incident 
angles of a deposition beam to coat batches become large, 
thereby resulting in thickness variations of deposited 
films after completion of the deposition. 

[0007] Such thickness variations of the deposited films 

result in reflectance variations of semiconductor end faces 
after completion of deposition thereon as shown in the 
relationship between the end-face coating film thickness 
and reflectance when A1 2 0 3 is used as a deposition material 
in Fig. 1. Such reflectance variations substantially 
affect characteristics of the semiconductor lasers. 
[0008] For example, it is known that, in a high-output 
semiconductor laser, an emission lifetime becomes short 
when the reflectance of an end face (laser-emitting face) 
is high, while a so-called SCOOP (Self Coupled Optical 
Pickup) defect occurs when the reflectance is low. 
Therefore, when an end face of a semiconductor laser is 
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coated, the reflectance of the end face after completion of 
deposition needs to match a predetermined reflectance 
(usually, about 13 ± 2%) . Fig. 2 shows reflectance 
variations after deposition at positions at which 
5 semiconductor end faces are disposed. In this figure, the 
^ reflectance of a semiconductor laser constituting a coat 

^ batch E in the center of the second row is out of the 

^9 predetermined reflectance range. Therefore, this 

w 1 semiconductor laser cannot be used as a product and thus 

U 10 the industrial demand for a high G/W yield cannot be met. 


Ill 


SUMMARY OF THE INVENTION 

[0009] Accordingly, the object of the present invention 
is to provide a method for ensuring a higher G/W yield by 
15 regulating reflectance variations of all semiconductor 
lasers arranged in an electron beam deposition apparatus 
after completion of deposition when end faces of the 
semiconductor lasers are coated. 

[0010] In order to achieve the above object, there is 
2 0 provided a method for coating a semiconductor laser end face 
with a coating material by electron beam deposition by 
disposing a plurality of coat batches each constituted by 
semiconductor laser end faces on an array face having a 
central axis of a deposition beam as a normal line, wherein 
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the coat batches are disposed at positions in the 
same distances from a position opposed to the center of the 
deposition beam on the array face. 

[0011] In this constitution, since coat batches are 

5 positioned at an equal distance from a position opposed to 
P=i the central axis of a deposition beam emitted from a 

/5J deposition source on the array face, incident angles of this 

'% deposition beam to the respective coat batches are almost 

■ equal . 

^ 10 [0012] . Furthermore, when the incident angles to the end 

s 

faces are almost equal, the amounts of a coat material 

PJ deposited through a unit area per a unit time are also 

Co 

Q almost equal, thereby preventing film thickness .variations 

of the deposited films. 

15 [0013] Also, there is provided a method for. ' coating a 
semiconductor laser end face with a coating material by 
electron beam deposition by disposing a plurality of coat 
batches each constituted by semiconductor laser end faces on 
an array face having a central axis of a deposition beam as 

2 0 a normal line, wherein 

an angle-adjusting step for adjusting an incident 
angle a, p of the deposition beams to the coat batches is 
included so that thicknesses of films formed by the 
deposition beam on the coat batches should be within a 

2 5 predetermined range. 


[0014] In this constitution, since the incident angles to 

the respective coat batches are adjusted so that the 
thicknesses of films formed by the deposition beam on the 
respective coat batches arranged on the array face should be 
within the predetermined range, the reflectance affected by 
the deposition film formed on each coat batch is also within 
the predetermined range, thereby causing no reflectance 
variations after formation of the deposition films due to 
the difference in positions in the electron beam deposition 
apparatus . 

[0015] Also, there is provided a method for coating a 
semiconductor laser end face with a coating material by 
electron beam deposition by disposing a plurality of coat 
batches each constituted by semiconductor laser end faces on 
an array face having a central axis of a deposition beam as 
a normal line, wherein 

when an incident angle of a deposition beam to a 
coat batch positioned on the array face at a position 
opposed to the central axis of the deposition beam is 
assumed as a first incident angle and an incident angle of a 
deposition beam to a coat batch that is the largest incident 
angle of the deposition beam on the array face is assumed as 
a second incident angle, 

an angle-adjusting step for adjusting at least the 
first incident angle so that the angle difference between 


the first and second incident angles p, a should be within a 
predetermined range . 

[0016] In this constitution, since the angle adjustment 

step for adjusting the first incident angle is performed so 
that the angle difference between the first and second 
incident angles should be decreased to the predetermined 
range, the difference in the deposition amounts due to the 
difference in incident angles in a unit area per a unit time 
is also decreased, thereby preventing ■...film thickness 
variations on coat batches after completion of deposition, 

[0017] Also, there is provided a fixing frame in which a 
plurality of bar arranging jigs for housing a plurality of 
laser bars so that their respective end faces should face in 
the same direction when the semiconductor laser end faces 
are coated by electron beam deposition, wherein. 

an adjustment mechanism is provided to adjust an 
angle of each bar arranging jig with an array face assuming 
the central axis of the deposition beam in a fixing frame as 
a normal line. 

[0018] In this constitution, since a fixing frame 

arranged on the array face assuming the central axis of the 
deposition beam as a normal line has an adjustment mechanism 
for adjusting an angle between this array face of the fixing 
frame and the array face of the bar arranging jig housing a 
plurality of laser bars, the incident angles of the 


deposition beam to the end faces of the semiconductor lasers 
disposed in this fixing frame are adjusted in the fixing 
frame . 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0019] The present invention will become more fully 
understood from the detailed description given hereinbelow 
and the accompanying drawings which are given by way of 
illustration only, and thus are not limitative of the 
present invention, and wherein: 

[0020] Fig. 1 shows the relationship between the film 

thickness of an end face coat and its reflectance; 
[0021] Fig. 2 shows reflectances of coat batches after 

completion of deposition; 

[0022] Fig. 3 shows a state that laser bar are housed in 
a bar arranging jig; 

[0023] Fig. 4 shows a state that the bar arranging jigs 

are housed in a fixing frame; 

[0024] Figs. 5A and 5B show a state in an electron beam 

deposition apparatus; 

[0025] Fig. 6 shows a change in the film thickness by 

angle adjustment according to the present invention; 
[0026] Figs. 7A and 7B show an angle adjustment mechanism 
of the fixing frame according to one embodiment of the 
invention; and 


[0027] 


Fig. 8 shows a second embodiment of the invention. 


DETAILED DESCRIPTION OF THE ■ PREFERRED EMBODIMENTS 
[0028] The constitution of a first embodiment of the 

invention is described below with reference, to Figs. 3 to 5A 
and 5B . 

[00291 Fig. 3 is an explanatory view showing a method of 

inserting semiconductor lasers, which is a preparation step 
for loading the semiconductor lasers onto an electron beam 
deposition apparatus to coat end faces of the semiconductor 
lasers . 

[0030] A semiconductor laser {hereinafter referred to as 
a laser bar) 1 cut into a strip from a wafer wherein a DH 

(Double Hetero) structure is formed on a GaAs substrate is 
inserted into a bar arranging jig 2. 

[0031] The bar arranging jig 2 is constituted by an 

almost U-shaped member. Grooves 13a, 13b are formed at 
positions opposed to each other in this member. Furthermore, 
a U-shaped . removed portion is formed at least in the front 
face so that a deposition beam made incident to an end face 
3 of the laser bar 1 housed in this bar arranging jig 2 
should not be obstructed by the member constituting the bar 
arranging jig 2. 

[0032] The grooves 13a, 13b have a width that is almost 
equal to the width of the laser bar 1 in a direction 


perpendicular to the longitudinal direction. The gap between 
opposite faces of the grooves is almost equal to the length 
of the laser bar 1 in the longitudinal direction. Therefore, 
to house the laser bar 1 in the bar arranging jig 2, end 
portions of the laser bar in the longitudinal direction are 
inserted while sliding along the respective inner wall faces 
of the grooves 13a, 13b. Therefore, the laser bar 1 that is 
once inserted is fixed by the grooves 13a, 13b and not 
removed. 

[0033] Here, arrow A in the figure shows the incident 
direction of the end face material from a deposition source 
in the electron beam, deposition apparatus. Therefore, when 
the laser bar 1 is inserted into the bar arranging jig 2, 
the laser bar is placed so that an end face 3a or 3b, which 
is a cleavage face of the laser bar, should be opposed to 
the deposition source. 

[0034] Subsequently, the laser bars 1 are inserted 

successively in the bar arranging jig 2 with the face having 
a pattern electrode 4 facing upwards. When the laser bars 1 
are housed up to the limit of a predetermined housing 
capacity of the bar arranging jig 2, laser bars 1 are 
inserted into a subsequent bar arranging jig 2. At this 
time, a collection of end faces 3 of the laser bars 1 housed 
in one bar arranging jig 2 is referred to as a coat batch as 
one collective unit for convenience. 


[0035] When the laser bars 3 are thus housed in the bar 

arranging jig 2 and the bar arranging jig 2 is ready, the 
bar arranging jig 2 is inserted into the fixing frame 5 as 
shown in Fig. 4. In this embodiment, three bar arranging 
jigs 2 are housed in a fixing frame 5. Then, three fixing 
frames 5 are loaded as one unit onto the electron beam 
deposition apparatus. 

[0036] Figs. 5A and 5B show a state that three fixing 

frames 5 are stacked and disposed in the electron beam 
deposition apparatus. As shown in the figures, an X axis 
extends in the horizontal lateral direction, a Y axis 
extends in the vertical direction, and a Z axis extends in a 
direction perpendicular to these axes. These axes are used 
as required in the following explanations. 

[0037] Here, alumina is used as a deposition material 

disposed on the deposition source 6, which is a coating 
material. The oscillation wavelength is 780 ran. Alumina is 
heated and evaporated with an electron beam and emitted to 
each of the coat batches disposed on an array face 7 formed 
with the fixing frames 5 on an X-Y plane shown in the 
figures. Alumina emitted from the deposition source 6 
towards the respective coat batches at this time is referred 
to as deposition beams 8. 

[0038] In this embodiment, the distance LI from the 

deposition source 6 to the array face is about 60 cm. The 
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distance L2 on the X axis between the deposition beam 8a to 
a coat batch positioned at a position on the array face 7 
opposed to the center of the deposition beam shown in the 
figure and the position of a coat batch at which the 
> deposition beam 8d is made incident so that the incident 
angle to the array face 7 should be the largest is about 6 
cm . 

^ [0039] Operations of the present invention are also 

*¥* 

explained below with reference to the Figs. 5A and 5B. 

M 

yj 10 [0040] When, deposition is completed by the above- 

1=5= described deposition beam 8, a deposition film having a 

h* 

f=y predetermined thickness is formed on-each coat . batch. 

Irs 

2 [0041] However, the thicknesses of the deposited films 

i vary due the difference in the amounts of the deposition 

15 beam transported through a unit area per unit time, that is, 
the difference in flux between the deposition beam 8a having 
an incident angle of 0° to the coat batch shown in the 
figure and the deposition beam 8c or 8b having an incident 
angle of a to the coat batch. When the flux is uniformly 

20 distributed, there is usually a difference of about 6° in 
incident angles between the deposition beam 8a and the 
deposition beam 8c under the above condition. Furthermore, 
at this time, the difference in incident angles between a 
first incident angle by the deposition beam 8a and a- second 

25 incident angle by the deposition beam 8d is about 8°. In 


practice, the deposition beam has the largest flux along the 
central axis, and the larger the angle to the central axis 
is, the smaller the amount of the flux becomes. 
[0042] In this embodiment, the target value of the 

thickness of a film formed on each coat batch is set to be 
159 ± 5 nm so that the reflectance of the end face (cleavage 
face) after completion of deposition should be 13 ± 2%. 
However, in practice, there are coat batches that exceed the 
predetermined reflectance after completion of deposition as 
shown in Fig. 2 due to the aforementioned difference in 
incident angles. 

[0043] Usually, the reflectance is higher around the 

central portion due to the difference of flux, . and the coat 
batch at position A in the figure (also those at positions 
C, G and I) and the coat batch at position E have a 1 to 2% 
difference in reflectances after completion of deposition. 
Furthermore, since the reflectances vary even in the same 
coat batch due to variations in machining accuracy or the 
like of each laser bar 1, about + 1.5% reflectance 
variations in each end face 3 may occur even when a bar 
arranging jig 2 is disposed at the same position. 
[0044] The present invention prevents product defects due 

to such film thickness variations by adjusting the incident 
angle of the deposition beam. Furthermore, the object is to 
set the difference between incident angles of the incident 


beam to coat batches to be within maximum 5% so that the 
film thickness should be within, a range of 159 ± 5 nm. 
However, the values are not limited to these, but depend on 
the deposition material or use purpose of the semiconductor 
laser. 

[0045] In the present invention, an area of an end face 3 

on which a coating material in the same flux is deposited is 
increased so that the deposition amount per unit area should 
be reduced, thereby reducing the • film thickness. This is 
explained in detail below with reference to Fig. 6. 
[0046] This figure shows a state of a deposition film 9 

formed on an end face 3 of a laser bar 1 by deposition. In 
this case, when the width of the same laser bar 1 from an 
end to the other end is very fine as compared with the 
distance from the deposition source, the film thickness of 
the deposition film 9 formed on the end face 3 becomes 
uniform in a direction parallel to a deposition beam 8a. 
When the film thickness at this time in a direction of the 
central axis of the deposition beam 8a is 9a and the film 
thickness perpendicular to the end face 3 is 9b, the film 
thickness that determines a performance of this 
semiconductor laser in practice is 9b. As shown in the 
figure, 9b is expressed as 

Actual film thickness 9b = film thickness 9a in direction 

of deposition beam central axis x cosp. 


Furthermore, at this time, since 0 < cos(3 ^ 1, 9b is reduced 
as compared with the film thickness 9a in the direction of 
the central axis of the deposition beam at an incident angle 
0° by inclining the end face 3 by p°. That is, When a is 6° 
on the assumption that the flux is uniformly distributed, P 
can be 6 to 8°. In this case, as a result, the reflectance 
of a coat batch E shown in Fig. 2 can be matched to a 
predetermined reflectance range of 15.3 (before angle 
adjustment) to 14.9%. Since the flux is distributed in 
practice, more appropriate reflectance can be obtained when 
the angles are adjusted to obtain ot < |3, considering that 
coat batches in the central portion have stronger flux than 
that of coat batches on the outer side. Specifically, by 
setting (3 to be 9° when a is 6°, the reflectance of the coat 
batch E can be reduced from 15.3% (before angle adjustment) 
to 14.4%, which is the optimal value with almost no 
difference from those of other coat batches. 

{0047] Therefore, when the angle of the laser bar 

arranging jig 2 in the fixing frame can be adjusted freely, 
the film thickness of the coat batch formed in laser bars 1 
housed in the laser bar arranging jig 2 can be adjusted. 
[0048] Here, an adjustment mechanism for adjusting the 

angle of the laser bar arranging jig 2 provided in the 
aforementioned fixing frame 5 is explained with reference to 
Fig. 7. Fig. 7A is a perspective view of a fixing frame 5. 
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Fig. 7B is a cross sectional view of a side face of the 
fixing frame 5. Since the cross section of the bar arranging 
jig 2 housed in the fixing frame 5 is smaller, than the cross 
section of the fixing frame 5 as shown in Fig. IB, the angle 
5 of the bar arranging jig 2 can be adjusted in the fixing 
frame 5, which is explained later. 

[0049] As shown in Fig. 7B, the fixing frame 5 is 
S provided with screw holes 15a - 15d for screw- threading 

IP contact screws 10 (10a - lOd) at substantially diagonal 

xj: 

1=1 10 positions to adjust the amount of its contact with the laser 
bar arranging jig 2. The amount of contact of each screw 10 
with the bar arranging jig 2 can be adjusted by adjusting 
the amount of screw- threading into the fixing frame 5. The 
pressing force for pressing the upper and lower portions of 
15 the laser bar arranging jig 2 in directions opposite to each 
other can be adjusted by this adjustment of the contact 
amount. Furthermore, since, among these contact screws 10 
(10a - lOd) , the contact screws 10a and 10b press the upper 
portion of the bar arranging jig 2 from the front towards 
20 the rear and the contact screws 10c and lOd press the lower 
portion of the bar arranging jig 2 in the opposite 
direction, the bar arranging jig 2 rotates about the 
rotation center point 11 by an action of these pressing 
forces . 


+ 
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[0050] Consequently, the rotation angle when the laser 

bar arranging jig 2 rotates about the rotation center point 
11 by the pressing force of each contact screw 10 (10a - 
lOd) can be adjusted and thus the angle of a coat batch 
5 constituted by this laser bar arranging jig 2 with the array 
face 7 in the fixing frame can be changed. 

[0051] At this time, the fixing frame 5 is disposed on a 
array face assuming the central axis of the deposition 
source, that is, the deposition beam 8a from the deposition 
UJ 10 source 6 in Fig. 5 towards the fixing frame 5 as a normal 
!=§= line while the X coordinate and the Y coordinate both remain 

jfy the same. Therefore, by adjusting the angle of the laser bar 

&■= 

5=j arranging jig 2 in the fixing frame 5, the incident angle of 

" the deposition beam to the coat batch constituted by this 

15 laser bar arranging jig 2 can be adjusted, thereby adjusting 
the film thickness. 

[0052] A second embodiment of the invention is explained 
below with reference to Fig. 8. As in the case of the 
embodiment shown in Figs. 5A and 5B, Fig. 8 shows a state 
20 that 3 vertical columns x 3 horizontal rows of laser bar 
arranging jigs 2 are arranged and loaded onto an electronic 
beam deposition apparatus . 

[0053] As described above, the thickness of a film to be 
formed is determined by flux depending on the incident angle 
25 of the deposition beam 8. The incident angle is increased in 


proportion to the distance from a position 12 opposed to the 
central axis of the deposition beam. That is, the 
thicknesses of films formed on coat batches positioned in 
the same distances from the opposed position 12 become 
equal. In this embodiment, to utilize this technique, the 
laser bar arranging jigs 2 are arranged only at positions B, 
D, F and H shown in the figure. 

[0054] Although this is not shown in the figure, the same 
effect can be obtained when the laser bar arranging jigs 2 
are arranged only at positions A, C, G and I. 

[0055] The invention being thus described, it will be 

obvious that the same may be varied in many ways. Such 
variations are not to be regarded as a departure from the 
spirit and scope of the invention, and all such 
modifications as would be obvious to one skilled in the art 
are intended to be included within the scope of the 
following claims. 


